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(54) ALFA-L-RHAMNOSIDASE AND ITS PRODUCTION 
(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a new a -L-rhamnosidase originated from a 
microorganism of the genus Pichia, having activity to release p-nitrophenol by using p- 
nitrophenyl- a -Lrhamnopyranoside as a substrate, having glucose tolerance, useful for 
wine fermentation or the like. 

SOLUTION: This new a "L'rhamnosidase has the following features' p' nitrophenol is 

released by acting it on p-nitrophenyl- a -L-rhamnopyranoside as a substrate,* when the 
substrate is made to react for 10 min at 30°C, the optimum pH is 6.0-7.0; when held for 
30 min at 30°C, thecc-L-rhamnosidase exhibits stable enzymatic activity at pH 5.0-7.0; 
when the substrate is made to react for 10 min at pH 6.5, the optimum temperature is 
about 40°C; when held for 30 min at pH 6.5, the a -L-rhamnosidase is stable up to 20°C 
and gradually deactivated with the exceeding of the temperature; the molecular weight 
is about 88,000 daltons (SDS-PAGE); and the a -L-rhamnosidase has glucose tolerance 
and ethanol tolerance. This enzyme increases fragrance components in wine 
fermentation, and it is useful for improving the quality of wine or the like. The enzyme 
is obtained from the fermentation product of a microorganism of the genus Pichia. 



CLAIMS 



[Claim(s)] 

[Claim l]Alpha-L-rhamnosidase which has the following character. 

(1) OPERATION " when :p-nitrophenyl alpha-L-rhamnopyranoside is made to act as a 
substrate, separate p-nitrophenol. 

(2) Optimal pH : optimal pH at a time of using p-nitrophenyl alpha-L- 
rhamnopyranoside as a substrate and making it react for 10 minutes at 30 ** is in the 
6.0 to 7.0 neighborhood. 

(3) pH stability : when it holds for 30 minutes at 30 **, enzyme activity stable in pH 
5.0-7.0 is shown. 

(4) Optimum temperature * optimum temperature at a time of using p-nitrophenyl 
alpha-L-rhamnopyranoside as a substrate and making it react for 10 minutes at 30 ** 
pH 6.5 is about 40 **. 

(5) Thermal stability : when it holds for 30 minutes in pH6.5, if enzyme activity stable to 
20 ** is shown and it is exceeded, it will be deactivated gradually. 

(6) Inhibitor - mercury para-chlorobenzoate, mercuric chloride, and a cupric chloride 
receive inhibition, and it is hardly prevented in ethylenediaminetetraacetic acid and 
mercaptoethanol. 



(7) A molecular weight : a molecular weight measured by an SDS-polyacrylamide-gel- 
electrophoresxs method is about 88,000 dalton. 

(8) An isoelectric point* An isoelectric point by isoelectric focusing is pI4,9. 

(9) Glucose tolerance - 76% of relative activity is shown in 500mM glucose. 

(10) Ethanol resistance : 67% of relative activity is shown in 20 capacity % ethanol. 
[Claim 2]A manufacturing method of alpha L rhamnosidase extracting the alpha-L- 
rhamnosidase according to claim 1 from a culture produced by cultivating a 
microorganism belonging to the Pichia (Pichia) group. 

[Claim 3]A manufacturing method of alpha L rhamnosidase extracting the alpha-L- 
rhamnosidase according to claim 1 from a culture produced by cultivating a 
microorganism belonging to the Pichia (Pichia) group by a culture medium containing 
rhamnose (rhamnose). 

[Claim 4]The Pichia ANGUSUTA (Pichia angusta)X349 share which has the alpha-L- 
rhamnosidase production ability according to claim 1 (PERM P- 172 11). 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the microorganism which produces new 

alpha L-rhamnosidase, its manufacturing method, and its enzyme. 

[0002] 

[Description of the Prior Art]Linalool (linalool), geraniol (geraniol) which are contained 
in a grape, Monoterpenes, such as Nellore (nerol), citronellol (citronelol), and the alpha* 
terpineol (terpineol), have contributed to the scent of a grape or wine greatly. Although 
such monoterpenes are contained also as fragrant educt, the many exist as a glycoside 
which does not have fragrance. 

[0003]Many of these glycosides 6-0-alpha-L-arabinofuranosyl beta-D-glucopyranoside 
(6-0-alpha-L-arabinofuranosyl-beta-D-glucopyranosides), 6-0-alpha-L- 
rhamnopyranosyl beta-D-glucopyranoside (6"0-alpha-L-rhamnopyranosyl-beta-D- 
glucopyranosides), It is known that they are jig RIKOSHIDO called 6-0-beta-D- 
apiofuranosyl beta-D-glucopyranoside (6"0-beta-D-apiofuranosyl-beta-D- 

glucopyranosides). 

[0004]If the hydrolysis reaction of these jig RIKOSHIDO is carried out enzymatically, 
fragrant monoterpenes will separate. This hydrolysis reaction is performed in two steps. 
First Namely, L-rhamnosidase (alpha-L-rhamnosidase), Alpha-L-arabino flannel 
SHIDAZE (alpha-L-arabinofuranosidase), A glycosidic linkage is cut by beta- 
APIOSHIDAZE (beta-apiosidase) etc. and mono- **********- beta-D-glucoside 
(monoterpenyl-beta-D-glucosides) corresponding, respectively is produced. 
Subsequently, beta-D-glucosidase (beta-D-glucosidase) acts on this mono- **********- 
beta-D-glucoside. Alpha-L-rhamnosidase is an enzyme which hydrolyzes the alpha-L- 
rhamnopyranoside residue of the nonreducing terminal of the polysaccharide 
containing alpha-L-rhamnose (L-rhamnose) among the hydrolase which carries out the 
catalyst of the first-step reaction. Therefore, by using alpha-L-rhamnosidase with beta- 
D-glucosidase etc., a perfume component can be made to be able to increase in wine 
brewing, and the quality of wine can be raised. 

[0005]However, in using these enzymes for wine brewing, there is a problem which 
many should conquer. It is that it is required for one to have enzyme activity also under 



existence of glucose or ethanol. In the case of the enzyme of bacteria origin, by a biomass 
external secretion [ of that there is a good rare colander bacteria smell and mold origin ] 
type crude enzyme, there is a problem that a good rare colander side reaction occurs for 
other catalytic activity in one. Although there is a report about these bacteria or alpha- 
L-rhamnosidase of mold origin, on the other hand, there is no report about the thing of 
yeast origin. If it says strictly, the thing of Saccharomyces cerevisiae (Saccharomyces 
cerevisiae) origin is reported, but the main catalytic activity is beta-D-glucosidase and is 
only also having alpha-L-rhamnosidase activity slightly, 
[0006] 

[Problem(s) to be Solved by the InventionlTherefore, the purpose of this invention is to 
provide the microorganism which produces new alpha-L-rhamnosidase provided with 
the characteristic which can be used for wine brewing, its manufacturing method, and 
its enzyme. 
[0007] 

[Means for Solving the ProblemjThis invention persons ask for a microorganism which 
can produce alpha-L-rhamnosidase provided with the characteristic which can be used 
for wine brewing, As a result of searching centering on yeast with until now few 
examples of a report especially, one strain belonging to the Pichia (Pichia) group finds 
out producing new alpha-L-rhamnosidase, and came to complete this invention, Alpha- 
L-rhamnosidase activity is measured by a measuring method which crushes a biomass 
and for which a centrifugal supernatant liquid fraction is later mentioned after culture 
by a culture medium which specifically makes L-rhamnose the only carbon source for 
many microorganisms isolated from various kinds of sources of separation, and the 
target microorganism is chosen, 

[0008]That is, according to this invention, alpha-L-rhamnosidase having the following 
character is provided. 

(1) OPERATION " when -p-nitrophenyl alpha-L-rhamnopyranoside is made to act as a 
substrate, separate p-nitrophenol. 

(2) Optimal pH : optimal pH at a time of using p-nitrophenyl alpha-L- 
rhamnopyranoside as a substrate and making it react for 10 minutes at 30 ** is in the 
5.0 to 7.0 neighborhood. 

(3) pH stability : when it holds for 30 minutes at 30 **, enzyme activity stable in pH 
5,0-7,0 is shown. 

(4) Optimum temperature : optimum temperature at a time of using p-nitrophenyl 
alpha-L-rhamnopyranoside as a substrate and making it react for 10 minutes at 30 ** 
pH 6.5 is about 40 **. 

(5) Thermal stability - when it holds for 30 minutes in pH6.5, if enzyme activity stable to 
20 ** is shown and it is exceeded, it will be deactivated gradually 

[0009](6) Inhibitor : mercury para-chlorobenzoate, mercuric chloride, and a cupric 
chloride receive inhibition, and it is hardly prevented in ethylenediaminetetraacetic 
acid and mercaptoethanol. 

(7) Molecular weight : a molecular weight measured by an SDS-polyacrylamide-gel- 
electrophoresis method is about 88,000 dalton. 

(8) Isoelectric point: An isoelectric point by isoelectric focusing is pI4.9. 

(9) Glucose tolerance : 76% of relative activity is shown in 500mM glucose. 

(10) Ethanol resistance : 67% of relative activity is shown in 20 capacity % ethanol 

[00 10] A manufacturing method of alpha-L-rhamnosidase of this invention is the method 
of acquiring alpha-L-rhamnosidase from culture medium obtained by belonging to the 



Pichia (Phicia) group and cultivating a microorganism which produces alpha-L- 
rhamnosidase. 

[00 11] Character of a separation strain to produce alpha-L-rhamnosidase of this 
invention is shown below. 

A. Form a colony of morphometrical characteristic 1 opalescence. 

2) Germination performs asexual growth. 

3) Form 1 thru/or 4 ascospores of a bowler hat form by a glucose malt culture medium. 
[0012] 

B. physiological character 1 fermentability Glucose + galactose . ■ malt sugar - sucrose - 
trehalose . + melibiose - lactose -2 utilization nature , glucose + lactose - galactose . ■ 
raffinose • sorbose - ribitol . + ribose + mannitol + xylose + inositol • rhamnose + 
methanol + sucrose + ethanol + malt sugar + nitrate + mehbiose ■ (+:utilization carries 
out -^utilization does not carry out) 

[0013]It refers to BARNETT & PAYNE YARROW YEASTS:Characteristicsand 
identification (Second edition) based on the above mycology character, This strain was 
identified to Pichia ANGUSUTA (Pichia angusta). It was judged that it was a new strain 
from a point of producing above-mentioned new alpha-L-rhamnosidase. Therefore, it 
was named Pichia ANGUSUTA (Pichia angusta) X349, and a bacteria stock was 
deposited with National Institute of Bioscience and Human-Technology. A deposition 
number is FERM P- 17211. If a microorganism used for this invention is a strain which 
produces alpha-L-rhamnosidase of this invention by a microorganism belonging to a 
Pichia group besides said Pichia ANGUSUTA (Pichia angusta) X349, it will not 
interfere. 

[0014]In this invention, it may be used for culture of the usual microorganism as a 
culture medium which produces alpha-L-rhamnosidase, and especially if a 
microorganism used grows, it will not be restricted. As a carbon source, although 
sucrose etc. can be used, for example, a point of producing a lot of alpha-L-rhamnosidase 
to especially L-rhamnose is desirable. As a nitrogen source, peptone is raised, for 
example. To a culture medium, mineral salt, for example, sodium chloride, besides a 
carbon source and a nitrogen source can be added. Although the culture temperature 
should just be a temperature which a microorganism to be used grows, near [ good ] 28 
** of growth is preferred. Initiation pH of a culture medium to be used has the 4.0 
preferred neighborhoods. Alpha-L-rhamnosidase is accumulated into culture medium at 
culture time by [ for growth of the bacillus concerned, and alpha-L-rhamnosidase 
production / sufficient ] usually cultivating for 48 hours, although time continuation is 
carried out. 

[0015]Biomasses are collected with filtration, centrifugal separation, or filtration after 
culture, and supernatant liquid produced by crushing a biomass by mechanical 
disruption processing of lytic enzyme processing or ultrasonication, an French press, a 
homogenizer, etc., and centrifuging is used as crude enzyme liquid. Although crude 
enzyme liquid can also be used as it is, separation refinement can be carried out 
according to the separation refinement methods of common enzymes, such as 
ammonium sulfate curing salting and a solvent sedimentation method. An enzyme 
preparation with high activity purity can also be prepared combining suitably a refining 
means of the usual enzymes, such as ion exchange chromatography and gel filtration 
chromatography. The character of this invention enzyme obtained by refining combining 
various chromatography methods from crude enzyme liquid is as follows. Measurement 
of enzyme activity was performed to below by a following method. 



[00 16] [Enzyme activity measurement] 0.2 ml of 2mM p-nitrophenyl alpha-L- 
rhamnopyranoside solutions which dissolved in the buffer solution are mixed to 0.2 ml 
of enzyme sample solutions diluted with 50mM sodium phosphate buffer solution (pH 
6.5), and it is made to react to them for 10 minutes at 30 **. Then, 1.6 ml of IM sodium 
carbonate is added, a reaction is stopped, and p-nitrophenol separated by measuring an 
absorbance at 405 nm is quantified. One enzyme unit (U) which shows enzyme activity 
was defined in the above-mentioned conditions, i.e., 30 **, and pH 6.5 as an amount of 
enzymes which makes p-nitrophenol of Imicromol generate in 1 minute after p- 
nitrophenyl alpha-L-rhamnopyranoside. 

[0017](l) OPERATION - when ^p-nitrophenyl alpha-L-rhamnopyranoside is made to 
act as a substrate, separate p-nitrophenol. 

Optimal pH • (2) p-nitrophenyl alpha-L-rhamnopyranoside is used as a substrate, In 
accordance with said enzyme activity measurement, relative activity was measured 
except using a 50mM citrate-phosphate buffer solution (pH 3.0-7.0), 50mM phosphate 
buffer solution (pH 8.0-9.0), and 50mM glycine sodium hydroxide buffer solution (pH 
10.0) as buffer solution. The result is as being shown in drawing 1, and reaction optimal 
pH is in the 6.0 to 7.0 neighborhood. 

pH stability : (3) A 50mM citrate-phosphate buffer solution (pH 3.0-7.0), After holding 
for 30 minutes at 30 ** in each buffer solution of 50mM phosphate buffer solution (pH 
8.0-9.0) and 50mM glycine sodium hydroxide buffer solution (pH 10,0), residual activity 
was measured in accordance with said enzyme activity measurement. The result is as 
being shown in drawing 1, and a stable pH range is pH 5.0-7.0. 

(4) Optimum temperature : in accordance with said enzyme activity measurement, 
relative activity was measured at various temperature. The result is as being shown in 
drawing 2, and optimum temperature is about 40 **. 

(5) Thermal stability • after holding for 30 minutes in 50mM phosphate buffer solution 
(pH 6.5), residual activity was measured in accordance with said enzyme activity 
measurement. As a result, if this enzyme shows enzyme activity stable to 20 ** and it is 
exceeded as shown in drawing 2, it will be deactivated gradually. 

[0018](6) Influence of various reagents ' influence on this enzyme of various reagents 
was investigated. That is, various reagents shown in Table 1 were dissolved so that it 
might become 50mM phosphate buffer solution (pH 6.5) with ImM, an enzyme solution 
was mixed to this, residual enzyme activity after holding for 10 minutes in 30 ** was 
measured in accordance with said enzyme activity measurement, and a result of Table 1 
was obtained. 
[Table l] 

[0019](7) Molecular weight • it is SDS-polyacrylamide gel electrophoresis 0 about this 
refined enzyme. [ PhastSystem and ] A molecular weight which measured by performing 
PhastGel homogeneous 12.5 and PhastGel SDS bufferstrips (Pharmacia manufacture) is 
about 88,000 dalton. To a standard of a molecular weight, b type phosphorylase 
(molecular weight of 94,000 dalton), Bovine serum albumin (molecular weight of 67,000 
dalton), ovalbumin (molecular weight of 43,000 dalton), Carbonic anhydro RAZE 
(molecular weight of 30,000 dalton), soybean typsin inhibitor (molecular weight of 
20,100 dalton), and lactalbumin (molecular weight of 14,400 dalton) were used. 
(8) Isoelectric point- The isoelectric point which measured about this refined enzyme by 
performing isoelectric focusing (PhastSystem, PhastGel lEF 3-9 (Pharmacia 
manufacture)) is pI4.9. To the standard of an isoelectric point, horse myoglobin 
(acidic:pI6.85), Homo sapiens carbonic anhydro RAZEB (pI6.55), cow carbonic anhydro 



RAZEB (pl5.85), the beta-lactoglobulin A (pI5.20), a soybean trypsin inhibitor (pI4.55), 
and amyloglucosidase (pI3.50) were used. 

[0020](9) Glucose tolerance • in accordance with said enzyme activity measurement, 
relative activity was measured in 50mM phosphate buffer solution (pH 6.5) containing 
glucose of 0 - 500mM concentration. The result is as being shown in drawing 3, and 
shows 76% of relative activity also in 500mM glucose. 

do) Ethanol resistance • in accordance with said enzyme activity measurement, relative 
activity was measured in 50mM phosphate buffer solution (pH 6,5) containing the 
ethanol of 0 - 20 capacity % concentration. It is as being shown in drawing 4, and in 10 
capacity % ethanol, the result shows 85% of relative activity, and shows 67% of relative 
activity in 20 capacity % ethanol. 
[0021] 

[Example]Next, although the example of this invention is given and this invention is 
explained in detail, the example shown below is an example and does not limit the 

technical scope of this invention. 

Example 1 - Culture of a strain, and 1.0% of production L-rhamnose of alpha-L- 
rhamnosidase, Peptone 0.5%, the culture medium which consists of 0.3% of a yeast 
extract and 0.3% of a malt extract was adjusted the pH to 4.0 with chloride, 100 ml of 
this was taught to each 40 Erlenmeyer flasks of 500-ml **, and autoclaving was carried 
out for 15 minutes 120 **. The Pichia ANGUSUTA (Pichia angusta)X349 share was 
inoculated into this, and it cultivated on the rotation agitator for two days at 28 ** and 
220 rpm. The obtained culture medium 4L is centrifuged (for lOOOxg and 10 minutes), 
biomasses are collected, and it is 20mM. A screw/tris buffers (pH 6.5) washed twice. 
This was suspended to the buffer solution, the 2.5-times the amount glass bead (0.45" 
0.55 mm in diameter) of biomass weight was added, and the biomass was crushed. 
Except for biomass debris, the cell extract was obtained by centrifugal separation (for 
lOOOxg and 10 minutes). Ultracentrifiige processing (for 100,000xg and 90 minutes) of 
this was carried out, and it separated into the microsome fraction and the supernatant 
liquid fraction. Since all the activity existed in the supernatant liquid fraction when 
such fraction alpha-L-rhamnosidase activity was measured, the refining operation 
described below was presented with the supernatant liquid fraction. 
[0022]Example 2' Especially refining operation shown below in refining of an enzyme 
was altogether performed at 4 **, unless it refused. 

(1) Ammonium sulfate precipitate refined 600 ml of supernatant liquid fractions 
obtained in ammonium sulfate precipitate example 1. the precipitate formed from 
saturation in the fraction of saturation 80% 30% - centrifugal separation (l,000xg.) It 
carried out for 30 minutes, collected, dissolved in the lOOmM sodium acetate buffer 
solution (pH 6.0) containing IM NaCl, ImM MnC12, ImM CaC12, and 0.003mM NaN3, 
and dialyzed to the buffer solution. 

(2) The enzyme solution which carried out concanavalin A'sepharose column 
chromatography dialysis was given to the concanavalin A-sepharose column 
(phi2.6x6.5cm) beforehand equilibrated with the buffer solution. Since the target 
enzyme did not stick to this column, it was eluted with the buffer solution. Activity 
fractions are collected, and it condenses with ultrafiltration equipment (made by PM" 
10-Amicon), and is 20mM. It dialyzed to a screw/tris buffers (pH 6.5). 

(3) DEAE Bio-Gel A They are 20mM beforehand about the enzyme solution which 
carried out agarose column chromatography dialysis. The DEAE Bio-Gel A agarose 
column (phi2.6x6.0cm) equilibrated with a screw/tris buffers (pH 6.5) was given. After 



the buffer solution washed, it was eluted by the sodium chloride linear gradient (0* 
0.3M) using the buffer solution. Activity fractions were collected and it dialyzed to 
50mM sodium acetate buffer solution (pH 5.0). 

[00231(4) An arabinose sepharose 6B affinity column chromatography rhamnose 
sepharose 6B affinity carrier, In accordance with how to recommend a manufacturing 
company for the epoxy activation sepharose 6B (made by Pharmacia biotech AB), 
rhamnose was combined and it prepared. The enzyme liquid obtained by the DEAE 
Bio-GelA agarose column chromatography mentioned above, The rhamnose sepharose 
6B affinity column (phil.5x7.2cm) beforehand equilibrated with 50mM sodium acetate 
buffer solution (pH 5.0) was given, and the buffer solution washed. Next, it was eluted 
with the buffer solution containing IM NaCl, activity fractions were collected, and it 
dialyzed to distilled water. 

(5) The enzyme solution which carried out hydroxyapatite column chromatography 
dialysis, The hydroxyapatite column (phil.5x2.8cm) beforehand equilibrated with 
lOmM sodium phosphate buffer solution was given, the buffer solution washed enough, 
the back was eluted by the sodium phosphate hnear gradient (10 ■ 200mM), and activity 
fi-actions were collected. 

[0024]The activity of the enzyme in every above purification process is shown in Table 2. 
Cow serum albumin is used for protein as a standard substance, and it is the bottom in 
fixed quantity by the BURADOFODO method (Bradfordmethod). 
[Table 2] 

rha-sepharose 6B: Rhamnose sepharose 6B[0025]Example 3: The decomposition 
examination of the various chromophoric substrates shown in Table 3 was done using 
the refining enzymes obtained in substrate specificity example 2. The decomposition 
examination was done according to the method of said enzyme activity measurement, 
and the existence of activity was investigated by generation of p nitrophenol. A result is 
shown in Table 3. 
[Table 3] 

[0026]Although this enzyme acts on p-nitrophenyl alpha-L-rhamnopyranoside and p- 
nitrophenol is separated, It hardly acts on p-nitrophenyl alpha-L arabino furanoside, p- 
nitrophenyl beta-D-glucopyranoside, p-nitrophenyl beta-D-xylopyranoside, and p- 
nitrophenyl beta-D-cello BIOSHIDO, but it turns out that it is an enzyme with high 
substrate specificity. 

[0027] 1000 ml of grape juice (muscat OBU Alexandria kind) adjusted the pH to 7.0 by 
operation sodium hydroxide to the glycosides of Example 4:grape juice origin - a 
synthetic adsorption resin column (phi ■■ 22 mm x 350 mm) Amberlite XAD-2: It let it 
pass to made in loam and Haas. 500 ml of distilled water washed this, and water soluble 
compounds were removed. After removing through and free terpenes for 1000 ml of 
pentane-ether (l:i) furthermore, glycosides were made eluted with 1000 ml of methanol. 
Concentration hardening by drying of this fraction was carried out under 30 ** and 
decompression, and 100 mg of glycosides were obtained. 10 mg of the above-mentioned 
glycosides were dissolved in 2 ml (0.5U, 50mM sodium phosphate buffer solution (pH 
6.5)) of refining enzyme solutions obtained in Example 2, and it was made to react for 
two days at 30 **. After 5 ml of pentane-ether (la) having extracted the separated 
terpenes twice and condensing it, it analyzed on condition of the following using 
capillary gas chromatography. A result is shown in Table 4. Thus, the enzyme of this 
invention disassembles the glycosides of grape juice, and has the outstanding character 
to which a perfume component is made to increase notably. 



[Table 4] 

[0028] (Analysis condition) 

device- - Hewlett Packard 5980 column- - a DB-WAX capillary column (made by 
phi0.25-mmx30 m:J&WScientific) 

detector: - FID helium flow **: - a part for 2.0-ml/" temperature program: - -> with a 
temperature up of 75 ** 220 ** (a part for 4 **/), and 220 ** (15 minutes) of maintenance 
sample injection section temperature: -- 230 ** primary detecting element temperature: 
-- 220 ** internal standard: - amount of 2-ethyM-hexanol samples: - 2microL 
[0029]Example 5 :. Have a rhamnosyl group in the operation nonreducing terminal to 
the rhamnosyl glycoside of natural flavonoid. The decomposition product of naringin 
(narigin), rutin (rutin), hesperidin (hesperidin), and the rhamnosyl glycoside of 
quercitrin (quercitrin) was analyzed using silica gel thin layer chromatography. That is, 
the reaction solution in which 0.5 ml of solutions (0.5U, 50mM sodium phosphate buffer 
solution pH6,5) of the refining enzymes obtained in Example 2 were made to dissolve 5 
mg of substrates was held at 30 ** overnight. This sample was given to 4.0microl and a 
sihca gel thin layer (DC-Alufolien Kieselgel 60: made by Merck Co.). After developing 
using acetonitrile distilled water (5:1, VA^) mixture, using rhamnose and glucose as a 
standard substance, the ethanol solution of sulfuric acid was sprayed 10%, it heated for 
5 minutes at 105 **, and sugars were detected. 

[0030]As a result, naringin (narigin), the rutin (rutin), and the rhamnosyl glycoside of 
hesperidin (hesperidin) received decomposition by alpha-L-rhamnosidase, and 
rhamnose was detected. On the other hand, rhamnose was not detected about the 
rhamnosyl glycoside of quercitrin (quercitrin). 
[0031] 

[Effect of the Inventionlthis invention enzyme has the activity which was dramatically 
excellent under high-concentration glucose and a high -concentration ethanol existence. 
It can use for brewing of wine. 

That is, by using this invention enzyme with beta-D'glucosidase etc., a perfume 
component can be made to be able to increase in wine brewing, and the quality of wine 
can be raised. On the other hand, it does not have an adverse effect on the flavor of wine 
by work of a bacteria smell or a contamination enzyme. It can use not only for grape 
juice but for the fruit juice of citruses from the size of substrate specificity to the 
rhamnosyl glycoside of natural flavonoid of this enzyme. 



TECHNICAL FIELD 



[Field of the Invention]This invention relates to the microorganism which produces new 
alpha-L-rhamnosidase, its manufacturing method, and its enzyme. 



PRIOR ART 



[Description of the Prior ArtlLinalool (hnalool), geraniol (geraniol) which are contained 
in a grape, Monoterpenes, such as Nellore (nerol), citronellol (citronelol), and the alpha- 
terpineol (terpineol), have contributed to the scent of a grape or wine greatly. Although 
such monoterpenes are contained also as fragrant educt, the many exist as a glycoside 
which does not have fragrance, 

[0003]Many of these glycosides 6-0-alpha-L-arabinofiiranosyl beta-D-glucopyranoside 
(6-0-alpha-L-arabinofuranosyl-beta-D-glucopyranosides), 6-0-alpha-L- 



rhamnopyranosyl beta-D-glucopyranoside (6-0-alpha-L-rhamnopyranosyl-beta-D- 
glucopyranosides), It is known that they are jig RIKOSHIDO called 6-0-beta-D- 
apiofuranosyl beta-D-glucopyranoside (6-0-beta-D-apiofuranosyl-beta-D- 

glucopyranosides). 

[0004]If the hydrolysis reaction of these jig RIKOSHIDO is carried out enzymatically, 
fragrant monoterpenes will separate. This hydrolysis reaction is performed in two steps. 
First Namely, L-rhamnosidase (alpha-L-rhamnosidase), Alpha-L-arabino flannel 
SHIDAZE (alpha-L-arabinofuranosidase), A glycosidic linkage is cut by beta- 
APIOSHIDAZE (beta-apiosidase) etc. and mono- **********- beta-D-glucoside 
(monoterpenyl-beta-D-glucosides) corresponding, respectively is produced. 
Subsequently, beta-D-glucosidase (beta-D-glucosidase) acts on this mono- **********- 
beta-D-glucoside. Alpha-L-rhamnosidase is an enzyme which hydrolyzes the alpha-L- 
rhamnopyranoside residue of the nonreducing terminal of the polysaccharide 
containing alpha-L-rhamnose (L-rhamnose) among the hydrolase which carries out the 
catalyst of the first-step reaction. Therefore, by using alpha-L-rhamnosidase with beta- 
D-glucosidase etc., a perfume component can be made to be able to increase in wine 
brewing, and the quality of wine can be raised. 

[0005]However, in using these enzymes for wine brewing, there is a problem which 
many should conquer. It is that it is required for one to have enzyme activity also under 
existence of glucose or ethanol. In the case of the enzyme of bacteria origin, by a biomass 
external secretion [ of that there is a good rare colander bacteria smell and mold origin ] 
type crude enzyme, there is a problem that a good rare colander side reaction occurs for 
other catalytic activity in one. Although there is a report about these bacteria or alpha- 
L-rhamnosidase of mold origin, on the other hand, there is no report about the thing of 
yeast origin. If it says strictly, the thing of Saccharomyces cerevisiae (Saccharomyces 
cerevisiae) origin is reported, but the main catalytic activity is beta D glucosidase and is 
only also having alpha-L-rhamnosidase activity slightly. 



EFFECT OF THE INVENTION 



[Effect of the Invention]this invention enzyme has the activity which was dramatically 
excellent under high-concentration glucose and a high-concentration ethanol existence. 
It can use for brewing of wine. 

That is, by using this invention enzyme with beta-D-glucosidase etc., a perfume 
component can be made to be able to increase in wine brewing, and the quality of wine 
can be raised. On the other hand, it does not have an adverse effect on the flavor of wine 
by work of a bacteria smell or a contamination enzyme. It can use not only for grape 
juice but for the fruit juice of citruses from the size of substrate specificity to the 
rhamnosyl glycoside of natural flavonoid of this enzyme. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the InventionjTherefore, the purpose of this invention is to 
provide the microorganism which produces new alpha-L-rhamnosidase provided with 
the characteristic which can be used for wine brewing, its manufacturing method, and 
its enzyme. 



MEANS 



[Means for Solving the Problem]This invention persons ask for a microorganism which 
can produce alpha-L-rhamnosidase provided with the characteristic which can be used 
for wine brewing, As a result of searching centering on yeast with until now few 
examples of a report especially, one strain belonging to the Pichia (Pichia) group finds 
out producing new alpha-L-rhamnosidase, and came to complete this invention. Alpha- 
L-rhamnosidase activity is measured by a measuring method which crushes a biomass 
and for which a centrifugal supernatant liquid fraction is later mentioned after culture 
by a culture medium which specifically makes L-rhamnose the only carbon source for 
many microorganisms isolated from various kinds of sources of separation, and the 
target microorganism is chosen. 

[0008]That is, according to this invention, alpha-L-rhamnosidase having the following 

character is provided. 

(1) OPERATION " when -p-nitrophenyl alpha-L-rhamnopyranoside is made to act as a 
substrate, separate p-nitrophenol, 

(2) Optimal pH ' optimal pH at a time of using p-nitrophenyl alpha-L- 
rhamnopyranoside as a substrate and making it react for 10 minutes at 30 ** is in the 
5.0 to 7.0 neighborhood. 

(3) pH stability • when it holds for 30 minutes at 30 **, enzyme activity stable in pH 
5.0-7.0 is shown. 

(4) Optimum temperature • optimum temperature at a time of using p-nitrophenyl 
alpha-L-rhamnopyranoside as a substrate and making it react for 10 minutes at 30 ** 
pH 6.5 is about 40 **. 

(5) Thermal stability : when it holds for 30 minutes in pH6.5, if enzyme activity stable to 
20 ** is shown and it is exceeded, it will be deactivated gradually. 

[0009](6) Inhibitor ' mercury para-chlorobenzoate, mercuric chloride, and a cupric 
chloride receive inhibition, and it is hardly prevented in ethylenediaminetetraacetic 
acid and mercaptoethanol. 

(7) Molecular weight : a molecular weight measured by an SDS-polyacrylamide-gel- 

electrophoresis method is about 88,000 dalton. 

(8) Isoelectric point: An isoelectric point by isoelectric focusing is pI4,9. 

(9) Glucose tolerance : 76% of relative activity is shown in 500mM glucose. 

(10) Ethanol resistance : 67% of relative activity is shown in 20 capacity % ethanoL 

[00 10] A manufacturing method of alpha-L-rhamnosidase of this invention is the method 
of acquiring alpha-L-rhamnosidase from culture medium obtained by belonging to the 
Pichia (Phicia) group and cultivating a microorganism which produces alpha-L- 
rhamnosidase. 

[00 11] Character of a separation strain to produce alpha-L-rhamnosidase of this 
invention is shown below. 

A. Form a colony of morphometrical characteristic 1 opalescence. 

2) Germination performs asexual growth. 

3) Form 1 thru/or 4 ascospores of a bowler hat form by a glucose malt culture medium. 
[0012] 

B. physiological character 1 fermentability Glucose -i- galactose . - malt sugar - sucrose - 
trehalose . melibiose - lactose -2 utilization nature . glucose + lactose - galactose . • 
rafifinose - sorbose - ribitol . -i- ribose + mannitol + xylose inositol - rhamnose -i- 



methanol + sucrose + ethanol + malt sugar + nitrate + melibiose - (+:utilization carries 
out -'utilization does not carry out) 

[0013]It refers to BARNETT & PAYNE YARROW YEASTS^Characteristicsand 
identification (Second edition) based on the above mycology character, This strain was 
identified to Pichia ANGUSUTA (Pichia angusta). It was judged that it was a new strain 
firom a point of producing above-mentioned new alpha-L-rhamnosidase. Therefore, it 
was named Pichia ANGUSUTA (Pichia angusta) X349, and a bacteria stock was 
deposited with National Institute of Bioscience and Human-Technology. A deposition 
number is PERM P- 17211. If a microorganism used for this invention is a strain which 
produces alpha-L-rhamnosidase of this invention by a microorganism belonging to a 
Pichia group besides said Pichia ANGUSUTA (Pichia angusta) X349. it will not 
interfere. 

[0014]In this invention, it may be used for culture of the usual microorganism as a 
culture medium which produces alpha-L-rhamnosidase, and especially if a 
microorganism used grows, it will not be restricted. As a carbon source, although 
sucrose etc, can be used, for example, a point of producing a lot of alpha-L-rhamnosidase 
to especially L-rhamnose is desirable. As a nitrogen source, peptone is raised, for 
example. To a culture medium, mineral salt, for example, sodium chloride, besides a 
carbon source and a nitrogen source can be added. Although the culture temperature 
should just be a temperature which a microorganism to be used grows, near [ good ] 28 
** of growth is preferred. Initiation pH of a culture medium to be used has the 4.0 
preferred neighborhoods. Alpha-L-rhamnosidase is accumulated into culture medium at 
culture time by [ for growth of the bacillus concerned, and alpha-L-rhamnosidase 
production / sufficient ] usually cultivating for 48 hours, although time continuation is 
carried out. 

[0015]Biomasses are collected with filtration, centrifugal separation, or filtration after 
culture, and supernatant liquid produced by crushing a biomass by mechanical 
disruption processing of lytic enzyme processing or ultrasonication, an French press, a 
homogenizer, etc., and centrifuging is used as crude enzyme liquid. Although crude 
enzyme Uquid can also be used as it is, separation refinement can be carried out 
according to the separation refinement methods of common enzymes, such as 
ammonium sulfate curing salting and a solvent sedimentation method. An enzyme 
preparation with high activity purity can also be prepared combining suitably a refining 
means of the usual enzymes, such as ion exchange chromatography and gel filtration 
chromatography. The character of this invention enzyme obtained by refining combining 
various chromatography methods from crude enzyme liquid is as follows. Measurement 
of enzyme activity was performed to below by a following method. 

[0016][Enzyme activity measurement] 0.2 ml of 2mM p-nitrophenyl alpha-L- 
rhamnopyranoside solutions which dissolved in the buffer solution are mixed to 0.2 ml 
of enzyme sample solutions diluted with 50mM sodium phosphate buffer solution (pH 
6,5), and it is made to react to them for 10 minutes at 30 **. Then, 1.6 ml of IM sodium 
carbonate is added, a reaction is stopped, and p-nitrophenol separated by measuring an 
absorbance at 405 nm is quantified. One enzyme unit (U) which shows enzyme activity 
was defined in the above-mentioned conditions, i.e., 30 **, and pH 6.5 as an amount of 
enzymes which makes p-nitrophenol of Imicromol generate in 1 minute after p- 
nitrophenyl alpha-L-rhamnopyranoside. 

[0017](l) OPERATION - when :p-nitrophenyl alpha-L-rhamnopyranoside is made to 
act as a substrate, separate p-nitrophenol. 



Optimal pH : (2) p-nitrophenyl alpha-L-rhamnopyranoside is used as a substrate, In 

accordance with said enzyme activity measurement, relative activity was measured 
except using a 50mM citrate-phosphate buffer solution (pH 3.0*7.0), 50mM phosphate 
buffer solution (pH 8.0-9.0), and 50mM glycine sodium hydroxide buffer solution (pH 
10.0) as buffer solution. The result is as being shown in drawing 1, and reaction optimal 
pH is in the 6.0 to 7.0 neighborhood. 

pH stability : (3) A 50mM citrate-phosphate buffer solution (pH 3.0-7.0), After holding 
for 30 minutes at 30 ** in each buffer solution of 50mM phosphate buffer solution (pH 
8.0-9.0) and 50mM glycine sodium hydroxide buffer solution (pH 10.0), residual activity 
was measured in accordance with said enzyme activity measurement. The result is as 
being shown in drawing 1, and a stable pH range is pH 5.0-7.0. 

(4) Optimum temperature • in accordance with said enzyme activity measurement, 
relative activity was measured at various temperature. The result is as being shown in 
drawing 2, and optimum temperature is about 40 **. 

(5) Thermal stability : after holding for 30 minutes in 50mM phosphate buffer solution 
(pH 6.5), residual activity was measured in accordance with said enzyme activity 
measurement. As a result, if this enzyme shows enzyme activity stable to 20 ** and it is 
exceeded as shown in drawing 2, it will be deactivated gradually. 

[0018](6) Influence of various reagents : influence on this enzyme of various reagents 
was investigated. That is, various reagents shown in Table 1 were dissolved so that it 
might become 50mM phosphate buffer solution (pH 6.5) with ImM, an enzyme solution 
was mixed to this, residual enzyme activity after holding for 10 minutes in 30 ** was 
measured in accordance with said enzyme activity measurement, and a result of Table 1 
was obtained. 
[Table l] 

[0019](7) Molecular weight : it is SDS-polyacrylamide gel electrophoresis 0 about this 
refined enzyme. [ PhastSystem and ] The molecular weight which measured by 
performing PhastGel homogeneous 12.5 and PhastGel SDS bufferstrips (Pharmacia 
manufacture) is about 88,000 dalton. To the standard of a molecular weight, b type 
phosphorylase (molecular weight of 94,000 dalton), Bovine serum albumin (molecular 
weight of 67,000 dalton), ovalbumin (molecular weight of 43,000 dalton), Carbonic 
anhydro RAZE (molecular weight of 30,000 dalton), soybean typsin inhibitor (molecular 
weight of 20,100 dalton), and lactalbumin (molecular weight of 14,400 dalton) were 
used. 

(8) Isoelectric point: The isoelectric point which measured about this refined enzyme by 
performing isoelectric focusing (PhastSystem. PhastGel lEF 3-9 (Pharmacia 
manufacture)) is pl4,9. To the standard of an isoelectric point, horse myoglobin 
(acidic:pI6.85), Homo sapiens carbonic anhydro RAZEB (pI6.55), cow carbonic anhydro 
RAZEE (pI5.85), the beta-lactoglobulin A (pl5.20), a soybean trypsin inhibitor (pI4.55), 
and amyloglucosidase (pI3.50) were used. 

[0020](9) Glucose tolerance ' in accordance with said enzyme activity measurement, 
relative activity was measured in 50mM phosphate buffer solution (pH 6.5) containing 
glucose of 0 - 500mM concentration. The result is as being shown in drawing 3, and 
shows 76% of relative activity also in 500mM glucose. 

(10) Ethanol resistance ' in accordance with said enzyme activity measurement, relative 
activity was measured in 50mM phosphate buffer solution (pH 6.5) containing the 
ethanol of 0 • 20 capacity % concentration. It is as being shown in drawing 4, and in 10 
capacity % ethanol, the result shows 85% of relative activity, and shows 67% of relative 



activity in 20 capacity % ethanol. 



EXAMPLE 



[Example]Next, although the example of this invention is given and this invention is 
explained in detail, the example shown below is an example and does not hmit the 
technical scope of this invention. 

Example 1 : Culture of a strain, and 1.0% of production L-rhamnose of alpha-L- 
rhamnosidase, Peptone 0.5%, the culture medium which consists of 0,3% of a yeast 
extract and 0.3% of a malt extract was adjusted the pH to 4.0 with chloride, 100 ml of 
this was taught to each 40 Erlenmeyer flasks of 500-ml **, and autoclaving was carried 
out for 15 minutes 120 **. The Pichia ANGUSUTA (Pichia angusta)X349 share was 
inoculated into this, and it cultivated on the rotation agitator for two days at 28 ** and 
220 rpm. The obtained culture medium 4L is centrifuged (for lOOOxg and 10 minutes), 
biomasses are collected, and it is 20mM. A screw/tris buffers (pH 6.5) washed twice. 
This was suspended to the buffer solution, the 2.5-times the amount glass bead (0.45- 
0.55 mm in diameter) of biomass weight was added, and the biomass was crushed. 
Except for biomass debris, the cell extract was obtained by centrifugal separation (for 
lOOOxg and 10 minutes). Ultracentrifuge processing (for 100,000xg and 90 minutes) of 
this was carried out, and it separated into the microsome fraction and the supernatant 
liquid fraction. Since all the activity existed in the supernatant hquid fraction when 
such fraction alpha-L-rhamnosidase activity was measured, the refining operation 
described below was presented with the supernatant liquid fraction. 
[0022]Example l- Especially refining operation shown below in refining of an enzyme 
was altogether performed at 4 **, unless it refused. 

(1) Ammonium sulfate precipitate refined 600 ml of supernatant liquid fi-actions 
obtained in ammonium sulfate, precipitate example 1. the precipitate formed from 
saturation in the fraction of saturation 80% 30% - centrifugal separation (l,000xg.) It 
carried out for 30 minutes, collected, dissolved in the lOOmM sodium acetate buffer 
solution (pH 6.0) containing IM NaCl, ImM MnC12, ImM CaC12, and O.OOSmM NaN3, 
and dialyzed to the buffer solution. 

(2) The enzyme solution which carried out concanavalin A-sepharose column 
chromatography dialysis was given to the concanavalin A-sepharose column 
(phi2.6x6.5cm) beforehand equilibrated with the buffer solution. Since the target 
enzyme did not stick to this column, it was eluted with the buffer solution. Activity 
fractions are collected, and it condenses with ultrafiltration equipment (made by PM- 
10:Amicon), and is 20mM. It dialyzed to a screw/tris buffers (pH 6,5), 

(3) DEAE Bio-Gel A They are 20mM beforehand about the enzyme solution which 
carried out agarose column chromatography dialysis. The DEAE Bio-Gel A agarose 
column (phi2.6x6.0cm) equilibrated with a screw/tris buffers (pH 6.5) was given. After 
the buffer solution washed, it was eluted by the sodium chloride linear gradient (O- 
0.3M) using the buffer solution. Activity fractions were collected and it dialyzed to 
50mM sodium acetate buffer solution (pH 5.0). 

[0023] (4) An arabinose sepharose 6B affinity column chromatography rhamnose 
sepharose 6B affinity carrier, In accordance with how to recommend a manufacturing 
company for the epoxy activation sepharose 6B (made by Pharmacia biotech AB), 
rhamnose was combined and it prepared. The enzyme liquid obtained by the DEAE 
Bio-GelA agarose column chromatography mentioned above, The rhamnose sepharose 



6B affinity column (phil.5x7.2cm) beforehand equilibrated with 50mM sodium acetate 
buffer solution (pH 5.0) was given, and the buffer solution washed. Next, it was eluted 
with the buffer solution containing IM NaCl, activity fractions were collected, and it 
dialyzed to distilled water. 

(5) The enzyme solution which carried out hydroxyapatite column chromatography 
dialysis, The hydroxyapatite column (phi 1.5x2. 8cm) beforehand equilibrated with 
lOmM sodium phosphate buffer solution was given, the buffer solution washed enough, 
the back was eluted by the sodium phosphate linear gradient (10 - 200mM), and activity 
fractions were collected. 

[0024]The activity of the enzyme in every above purification process is shown in Table 2, 
Cow serum albumin is used for protein as a standard substance, and it is the bottom in 
fixed quantity by the BURADOFODO method (Bradfordmethod). 
[Table 2] 

rha-sepharose 6B: Rhamnose sepharose 6B [0025] Example 3: The decomposition 
examination of the various chromophoric substrates shown in Table 3 was done using 
the refining enzymes obtained in substrate specificity example 2. The decomposition 
examination was done according to the method of said enzyme activity measurement, 
and the existence of activity was investigated by generation of p-nitrophenol. A result is 
shown in Table 3. 
[Table 3] 

[0026]Although this enzyme acts on p-nitrophenyl alpha-L-rhamnopyranoside and p- 
nitrophenol is separated, It hardly acts on p-nitrophenyl alpha-L-arabino fiiranoside, p- 
nitrophenyl beta-D-glucopyranoside, p-nitrophenyl beta-D-xylopyranoside, and p- 
nitrophenyl beta D-cello BIOSHIDO, but it turns out that it is an enzyme with high 
substrate specificity. 

[0027] 1000 ml of grape juice (muscat OBU Alexandria kind) adjusted the pH to 7.0 by 
operation sodium hydroxide to the glycosides of Example 4:grape juice origin - a 
synthetic adsorption resin column (phi - 22 mm x 350 mm) Amberlite XAD-2: It let it 
pass to made in loam and Haas. 500 ml of distilled water washed this, and water soluble 
compounds were removed. After removing through and fi-ee terpenes for 1000 ml of 
pentane-ether (i:i) fiirthermore, glycosides were made eluted with 1000 ml of methanol. 
Concentration hardening by drying of this fraction was carried out under 30 ** and 
decompression, and 100 mg of glycosides were obtained. 10 mg of the above-mentioned 
glycosides were dissolved in 2 ml (0.5U, 50mM sodium phosphate buffer solution (pH 
6.5)) of refining enzyme solutions obtained in Example 2, and it was made to react for 
two days at 30 **. After 5 ml of pentane-ether (i:i) having extracted the separated 
terpenes twice and condensing it, it analyzed on condition of the following using 
capillary gas chromatography. A result is shown in Table 4. Thus, the enzyme of this 
invention disassembles the glycosides of grape juice, and has the outstanding character 
to which a perfume component is made to increase notably. 
[Table 4] 

[0028] (Analysis condition) 

device: - Hewlett Packard 5980 column: - a DB-WAX capillary column (made by 
phi0.25-mmx30 m:J&WScientific) 

detector: - FID helium flow **: -- a part for 2.0-ml/-- temperature program: - -> with a 
temperature up of 75 ** 220 ** (a part for 4 **/), and 220 ** (15 minutes) of maintenance 
sample injection section temperature: - 230 ** primary detecting element temperature: 
- 220 ** internal standard: - amount of 2-ethyl-l-hexanol samples: ■■ 2microL 



[0029]Example 5 Have a rhamnosyl group in the operation nonreducing terminal to 

the rhamnosyl glycoside of natural flavonoid. The decomposition product of naringin 
(narigin), rutin (rutin), hesperidin (hesperidin), and the rhamnosyl glycoside of 
quercitrin (quercitrin) was analyzed using silica gel thin layer chromatography. That is, 
the reaction solution in which 0.5 ml of solutions (0.5U, 50mM sodium phosphate buffer 
solution pH6.5) of the refining enzymes obtained in Example 2 were made to dissolve 5 
mg of substrates was held at 30 ** overnight. This sample was given to 4,0microl and a 
sihca gel thin layer (DC-Alufolien Kieselgel 60: made by Merck Co.), After developing 
using acetonitrile distilled water (5:1, VA^) mixture, using rhamnose and glucose as a 
standard substance, the ethanol solution of sulfuric acid was sprayed 10%, it heated for 
5 minutes at 105 **, and sugars were detected. 

[0030]As a result, naringin (narigin), the rutin (rutin), and the rhamnosyl glycoside of 
hesperidin (hesperidin) received decomposition by alpha-L-rhamnosidase, and 
rhamnose was detected. On the other hand, rhamnose was not detected about the 
rhamnosyl glycoside of quercitrin (quercitrin). 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l]It is a graph which shows the stable pH region and operation pH region of 
Pichia ANGUSUTA (Pichia angusta)X349 share of alpha-L-rhamnosidase to produce. 
[Drawing 2]It is a graph which shows the stable temperature region and operative 
temperature region of Pichia ANGUSUTA (Pichia angusta)X349 share of alpha-L- 
rhamnosidase to produce. 

[Drawing 3]It is a graph which shows the activity of the Pichia ANGUSUTA (Pichia 
angusta)X349 share alpha-L-rhamnosidase to produce, and the relation of glucose 
concentration, 

[Drawing 4]It is a graph which shows the activity of the Pichia ANGUSUTA (Pichia 
angusta)X349 share alpha-L-rhamnosidase to produce, and the relation of ethanol 
concentration. 



DRAWINGS 



[Drawing l] 
[Drawing 2] 
[Drawing 3] 
[Drawing 4] 
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^If. ^^5'*a^•fe.x . -tUt'i/a: (S a c c h a r o 
my ces cerevisiae) ft Jfe(D'ti(7);55fg§ 
50 ^tlTl^S/JS. ■?r<D±fc5tti5Stt(4 0-D-yyl'3-> 



10006] 

[0 0 0 7] 

SSrt'L^(^^^SrtT/<foycig^. t°->7 (P i c h i 
a) JRtcJi-r5-ffitt;0^SrM/ia-L-7Ay->i^— e 

[0 0 0 8] -ftiioh. *^B^l-J:4i(i. TIEwttW^ 

W-rS C i iW^tti) a - L - 7 A / v-y— 

(1) ftffl : p-- hn7ai::^/k-a-L-7Ay t°7 

(2) SjIpH: p-= hP7i::i/U-a-L-7i^y 
f7/->K^£ttLT3 O'CT-1 0 5^r^Sf£;$*fci 
#WSlpH(i5. 0~7. Of^jfilcSj'So 

(3) pH^Jttt : 3 O-CtTa 0 5^ffl(SJ^Lfc^^. 



pH5. 
(4) 1 



0~7 



: p h P 7X—/1'- a - L-7 Ay * 

B. ^mmm 

1) leisffi 

v/l/h— ^ - 
;^^'a— - 
I- U/ND— ;^ + 

2) »jbtt 



(3) !t$M 2000-287681 

4 

* t°7y->K§rSKi: LTpH6. 5T'3 0t-^10^W 

(5) pH6. 5(CT3 05>IS(SjtL/it 

2 0'CSfS^L/tSfl^ettSr'T^U 

[0 009] (6) Pfi^^J : p n P^Sti?*^, 

10 (7) ^^f-l: : SDS-^Ky 7^' y/l^T? K-y/l'l^!* 
KliSfetc J; 0 fflij^ Lfi5>^i:li*«) 8 8, 0 0 0 ^/H^ VT- 

(8) : m^l»*KiffilcJ;5^1^(4p I 
4. 9-Cfc5, 

(9) 5 0 OmM^^yU3-;^4'l-*3l^ 

r 7 6%(7)tgitfgtt^'T^1-o 

(10) 2 0Si:%x^^y-yl/cf.(c4s 

[0 0 10] t/i*%3^(Da-L-7i>.y v^— ^roii 

20 f->7 (Ph i c i a) Jgld^L, a-L- 

■So 

[0011] *l6?qroa-L-7i>./ ^f*4g•t 
A. mmmK 

1) ILefe«3P=-?rffMt5. 

2) micxiommi:noo 

3) ^/U3-;^g^igifi-Cl^<eV>L4fiWUli§i||3g(D-?- 

30 sja^-^ff^-fs. 

[0 0 12] 



^•>p— ;^ 



7^ h-;^ 
;^ ^ y -/u 



+ 
+ 
+ 
+ 
+ 



+ 
+ 

+ 

+ 
+ 



5 

[00131 U±(Dm^^ttn^ iytiZ BARNETT & PAY 
NE YARROW YEASTS: Characteristicsand Identification 

(Second edition) f^^L. rro|St*Srlf->7 • 7> 
y:^^' (Pichia angusta) (C|rI^L/c„ 

•>7 ' 7y^7.9 (Pichia angusta) X 

3 4 9 t. lUftW^^^I^I^ft^ffW^fft 
^itLfCo ^K#-f-(iFERM P-172 11-Cfc 

if 7.$ (P i C h ia angusta) X3490 
ffi. Pichia 1[- Jg-r a - L - 

[0 0 1 4] *^?^lCt3^^T. a-L-7Ay-/^— ^ 

•>^^— If L - 7 A / -X755i|#(cat L 

SfcffiffltS^lfiW?J3%pH(l4. 0 
ll#^^l§«t 5 r <!: J; o Tlg«fg?tf>(c a - L - 7 A y 

[0 0 15] m.^. hm^t.m.ib9sm%t.\-i.hm. 

[0 0 16] [S^^ffitt»J!tffi3 5 0mMyyg?:>-h!; 

■^mmm (pH6. 5) •c^iKufcffis^f-yT'/i'^fK 



(4) ^r?^ 2 0 0 0 - 2 8 7 6 8 1 

6 

0. 2m 1 (d, rag«fi51C^ft?Lfc2mM p--ho 
73:::^/W-a-L-7Ay ^7/ v'K^f^O. 2m 1^ 

^i^L. 3 0^-ci o^fflSj^;$-a:So ^rot. im^ 

^-fhy^Al. 6m 1 ^*Dx.TS)t>Sr(?±$1t. 4 0 
5 n m(c*3lt5PiJ3tSSrSi)^t 5 C t J; jg^ tfc p 

(U) (4. ±E*ft. i-/j:*5*)3 0'C, pH 

6. StiDV'T, p-=- Hn73inyl'-a-L-7Ay 
f7/ •> K;!i^ib 15>&1IC1 ymo 10p--hP7i/ 
10 -/V'&^fiJcSitS^^lt L-C^ftLfc, 

[0 0 17] (1) f^ffl : p-^hD7i=^/W-a-L 
-7A/f7/->K^»S^:LT{fffl$-&fc«^. p- 

(2) MlpH: p-= hP73:=/U— a-L-7Ay 
t°7y->K5rSSt SSfjRtLTSOmM^xyif 
-y^^lfr?^ (pH3. 0~7. 0) . SOmMyy 
S?^fj?K (pH8. 0~9. 0) . 5 0mMyy->y- 

^^{b-f hy 'j'A^ffifS (pHi 0. 0) ^ffl^^s^M^^• 

20 OigmiiH Kd'T^ttJaO-Cfc^J, 5)SMjipH(4 6. 
0~7. OMifilCfcS. 

(3) pH^Jttt: 5 0mM^3iyif-y 

(pH3, 0~7. 0) . SOmMy ^^^ififg ( p H 
8. 0~9. 0) , 5 OmM^y v'>--;KS?{bt h y 
A^WJg (pHlO. 0) 0#^»?StT'3 o'C(;:T3 

^pHl£H(4, pH5. 0~7. 0T'$)5, 

(4) mkm.-.mmmmmsmMzMs\ 

*5'9T-fci5. igii?fig|j;iii^4 O'er-*)?),, 

(5) fl^^tt: 5 0mMy>Kli«j^ (pH6. 5) 

[0018] ( 6 ) : ^mm<nm^n 

5 OmM\) ymmWi0. (pH6. 5) (ClmMi/<e5 
40 J:5fc^)IIL, zi^{mmm^m'kL. 3 0t:(c:fci/> 
T 1 05>^{!^J^Lfc^w^#Bl^ffitt*Bfi!SSf^?Stt») 

[^1] 



(5) 



00 0-287681 



mab^m (imM) 






100 


Cue la 


10, 9 


CaC Is 


98. 1 


ZnC h 


94. 3 


Feci, 


1 0 0. 0 






CoC 1, 


95. 2 


MnC 1, 


10 1.9 


Al C I3 


1 0 2. 9 


HgC 1, 


6. 2 


EDTA 


98. 1 




97. 6 




2. 4 



[0019] (7) : :^MLfc*ll^^c:o^^TS 
DS-TKyr^'U/l'T? Ky/Wl»^l<») (Pha s tS 20 
ystem. PhastGel homogeneou 
sl2. 5, PhastGel SDS buffer 
strips (7T^l'V>TttM) ) SI^L 
^:^)^l:li*!)8 8, OOO^^/i-hyT'fcS, 
mm. bS*x7f^y7— e (5^^49 4, oooy/v 

hy) . 9Pe7/U7'5> (5>?-*4 3, 0 0 0^^/Uh 
V) , ;*/l/;K-y;5'7yt Kn7— ^ (5>i^i:3 0, 0 

120. looV/i^hy) axiiy^ hTji^yiy (^j^ 30 

^•11 4, 4 0 0^^/Uhy) ^fflV^/i. 
(8) nmM. : ll®!Lfc*g?*^co^^T^S,^,l$^»») 
(PhastSystem. PhastGel lEF 
3-9 (7 7/l'-7->Tttfi) ) ^frl\ i)SLfc^« 

^(4< p 1 4. 9T'fc5o ^m^nrnmicit. s^tif 

ntfV(acidic:pI6. 85).th */V/jf - 

y^ryt Kn7— e'B (p I 6. 5 5) , 
s/^7>t Kp7— IfB (pI5. 85) . &-7^Y 
^aT'y (p I 5. 2 0) , h il ^^v^y-fyt 
K'^'- (p I 4. 5 5) . 7$n^/l/3v/^— tf (p I 40 
3. 5 0) ^fflt^fco 

[00 2 0J (9) : 0~5 0 OmMjg 

«ro^/V3-;^lr-^tf5 0mM!;>ifiS«?S (pH6. 

Lito *ro|SSl4|13IC^ti:*3i9T'*)i9. 5 0 0mM 

(10) 31 y -yUBtt ; 0 ~ 2 0 $l:%iSg<Oi 9 / 
-/l-^^tfSOmMyyifSWJS (pH6. 5) fC. 

1^*141 4 (C/T^-r t is !J t?*5 1) . 10 ^i:%3i 9 J -)v 50 



-/wtflcfcv^-Cb 6 7%roffi*tffitt5r/Tl-„ 
[0 0 2 1] 

S^ff 6^®H ^ PS^-t S t t;l4 V ^, 

■mm\ : 0ttroj§ii*3j:ota-L-7Ay v-^^— tfro 

L-7Ay->^i. 0%. ^^hyo. 5%, Bf#x^ 
;^0. 3%. *^3::3f-xo. 3%;5^b/^5igii^^®fT' 
pH4. OlCilfiU. ri^Sr5 0 0ml^(DH^77;^ 
=■4 0*(C1 0 Om 1 -fottii^Jf, 12 0''C. l^'jif^ 
SD/ES(ffiL/io ::tl(Cf->7 • 7yf7.9 (P i c h i 
a angusta)X34 9t*^^aL, 2 8t;, 2 
2 0 r pm(CT2 0&1[i]tefl|#ffi±-eig«Lfc„ 
fclg«fS4L^)i'(L^5^il (1 OOOXg. 105^ffl) U 
TKft:?:**!), 2 0mM h :^W§M (pH 

6. 5) •c2iEij5fejf Lfc. zti^wimwmmmL. m 

ftmi:»2. 5fglcD:^7;^t:--X (itf^o. 4 5~ 
0. 5 5mm) ^Mx.. ffif*^i5S^Lfc. ii'65^gt (1 

oooxg, icxfomwrn^i^m^. « 

tttli«Srt#fc. rtvSrga'L^jiaa (1 0 0. 0 0 0 X 

[0 0 2 2] mm&]2 : m^(r)mm 
xn^tco 

(1) «7y*-'>Ajt® 

ll]!il«^'JlT-#/c±ftli5>6 0 0ml Srfiit^7>^= A 
«(CJ; "JfflSliL/Co 3 0%l&fD;5^b 8 0%tafqcOiB^ 



9 

{ZX^Ctztt^rM'bm (1. OOOXg. 3 0 5^ 
FbD LTl*. IMNaCK ImMMnClz. 1 
mM Ca C 1 zfcit/O. 0 0 3 mM N a Ns i^-^tf 1 

0 0 mM^mi- h V Mmm (pH6. o) icmn 

(2) ^y*:^/■<UyA-■fe77^-;^;t;7A^'□v^ 

^A— fe77 a-y^;*;7A ((J) 2. 6X6. 5c 
m) (c#Lfc„ l6«)»Sf^(i. 5ji:;(7 7i<lcPiitL^j;v^O 

H (PM- 1 0 : Am i c o nttK) (CTl!^L> 2 0 
mM t'7./\-]):^W0!m (pH6. 5) (Cj?tLTltff 

(3) DEAE Bio-Gel K 7 fS'a-T.iiy 

'mLtz.mn^m^^iii 2 o mM t':^/ V 'J :^mwm 

(pH6. 5) -C^tilbLfcDEAE Bio-Gel 

A 7^a-y,:fjyA (^2. 6X6. 0 cm) lc#L 

y '^Ay^.T^yv'xy h (o~0. 3M) T'^ttlL 

(pH5. 0) {CjPfLTiiffLfco 
[0 0 2 3] (4) T7tV-;^— fe77a-X6B7* 

g2. ^^y-^*'— twisa 



(6) 2000-287681 
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7 A y — 1r 7 7 n 6 B 7 7 -T ^ 
3^jK=^rv'?St4{k-t7 7 0-;^6B (7 7/l'-^->T • /M 

7Ay-X^^-g-$-fr. Mt/c, BfixEL/iDEAE 
B i o-Ge 1 A 7 Uu~7.iiy u-7 V^yV ^ 

J>-Wm§. (pH5. 0) T'^^jt;Lfc7i=./-;^--fe7 
70— ;^6B77'f-x-i'-;(;7A (0 1. 5X7. 2 
10 cm) mWrnt-XimUz., J^ICIM NaC 

(5) t Ko=JE-->7X^'-r h;*7A^' D-v h^77-<- 

SWLfc^t^jS^. i^fei omMy yis^f-hy "^AS 

WfST'WkLfct Kn=Jr->7/<^''1' h;<77A (,(, 1. 
5X2. 8 cm) (Cf^L. l^^fJ?ST'+5^!5fer^^Lt. ') 
y^'fV^)^h.')=-7^y'y:x.yV (10~2 0 0m 

M) T'^WL. m>m9fk%.mz. 

20 2(C/t;1-o fi^ii. 4^iiff7;i-7$>'lr^ 
*tlKi: LTfflV\ 7*7 K7;t- (B r a d f o r 
dme t h 0 d) (dj; ») ^ftUfc, 
[«2l 













mm 




Ong) 


(U) 


OJ/ng) 


(X) 


m 




562, 38 


383.5 


0. 682 


100.0 


1.0 




286.46 


232.3 


0. 811 


60.6 


1.2 


CoiiA-fe7rD— X 


73.28 


148.5 


2.026 


38.7 


3.0 


DEAE Bio-Gel A 


8.92 


121.5 


13.624 


31.7 


20.0 




1.65 


40.8 


24.727 


10.6 


36.3 




0.28 


9.5 


33.929 


2.5 


49.7 



rha--fe7 7 D— ;^6B : y J 7 ^ — ^<al 
I 0 0 2 5 1 %m\-i : Stl^Mtt yuro^^l; J; <0 m^tO^M^m^tz, ^||lr« 3 ICt: 

mm^(n:}jmi^^txnfj:\'\ p--hP7x/- 



(7) 



11 

S3. 5Ay->5^-^oaH»Stt 
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m m 








p 




-L 




10 0 


p 




-L 




6. 1 


p 




-D 




2. 7 


p 




-D 




0. 2 


p 




-D 




0. 1 



[0 0 2 61 *BI*lip-= hD73:::^/I/-«-L-7 

hn7i->'W-a-L-77tV77y 

h\ p--hn7i=;U-j3-D-=^r->Pt'7/v'K:fc 
J;0*p-= hn7s^/U-/3 -D--fea t':t-> KlC(il5 

10 0 2 7] nmn4 : 7'K'J'*H-**<^/y3->KS 

:t:/ TU^f-yKyra) lOOOm 

1 ^^;*ejif1tflg*7i>. {« 2 2mmX 3 5 Omm< A 
mberlite X AD- 2 : n— i>. • 7:^ K • 

Jcat/t. ril^^®7K5 0 Om 1 T'ffii^U. 



20 



(1:1) lOOOml^fflU. 7 y -COryW-^y!®^ 
l^iLfctx ;<^y-/H 0 0 Om 1 (CT^y 

L. ^^y 3->Kai 0 0mgSr#it„ IIJI0IJ 2-C'#f>*t 
fciPSKSI^iS!f^2m 1 (0. 5U. 5 0mMVymi-h 

V'yM.mmm (pH6. 5) ) {c±m^v="ymio 

mgSr®)5?L, 3 0t;{cT2BFflSJC$-ti:3to SBILfc 

r/l^'^yi®^ 5m 1 W^^'^'y-j:— r/W (1 : l) X' 

vh^^7 7-f-^fflVNTIEO^#(C-C^«fLfco Jt^^ 
l«4] 



:/H^7iR«-S*4/'U3'>K«ltngaDjffl»fi (ng) 




0. 0 


118 0. 5 




0. 0 


73. 5 




0. 0 


63. 5 




0. 0 


2 16.5 




0. 0 


1 0 7 5. 0 



[0 0 2 8] (mm) 

S?t:Hewlett Packard 5980 
*7A : DB-WAX + -^t°7y-*7A (,(, 0. 25 
mmX 3 Om : J&WS c i e n t i f i cttiH) 40 

: F I D 
^]} 'J'Aggii : 2. Om 

fiS7'n/7A : #fi7 5'C^2 2 Q-C (4'C/5» . 

»fif2 2 Ot: (1 55» 

P;^SfaA^t&;^ : 2 3 Ot 

^tti^taS : 2 2 CC 

P^^m^ : 2 -x^/l/- 1 _^dft/-/V' 

f-y7'/H; : 2 ix L 

[0 0 2 9] %m&\5 : 3?^»77JX/'^ Kro7A/-> 
/W^y 3-yK(Cj5tt5(^ffl 50 



(n a 



r i g i n) ^ Ji'^y (rut in) ^ 'sx^y 'yy 
(hesperidin) ioXV^^ 3Lj]^-y h D y (q u 
e r c i t r i n) <Oy i^J\^^]) V<O^M±Jil 
tl ^ ■> y ;* y /Ujil ^ n -7 h ^ 7 7 - ^ffl V ^ T 5>W L 

(0. 5U. 5 0mMy >'if:M^y ">A^»jjKpH6. 
5) 0. 5ml(cS«^5mg»«?$*fcSr£;^JSS:3 

o'CT'-BfeiSJ^Lfco znp^n^A. Ou\. -y^Jti^ 

/I'iiS (DC-Alufolien Kieselge 
1 6 0 : //i'^^±m) yJ>.y-:^ioXty^ 

tK (5 : 1, V/V) ^fS^fflV^T®rf^Lfc^t. 10% 



(8) 

13 

ixmmtnLfz, 

[0 0 3 0] -tWJSm, i-'Jy-l^y (na r i g i 
n) . yUf-y (rutin) i6j:Xf^:^^\) i/y (h e 
s p e r i d i n) (OyA/ -y/l^^y =i-> K(ia -L- 

iiltc^ ^'x/U-^ hy>'(quercitri 

[0 0 3 1 ] 

[lai] 





100 




i 


60 






60 












40 






20 






0 





2 4 6 8 10 

PH 

[03] 



105 




70 r . ■ I ■ I ■ ■ I ■ ■ . ■ I . . . ■ I ■ . . . I . ■ ■ . 1 ■ ■ - 
0 100 200 300 400 500 
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\m 1 1 t'v/T • TV^Ts^ (P i c h i a a n g 
u s t a) X 3 4 9t*(7)^StSa-L-7i^y 

[12] • ry^Ts^ (P i c h i a a n g 
u s t a) X 3 4 9tt(7)4St*^a-L~7i^/ v'^^- 
•^' i3 i mtffl ^^i^t ^ 7 7 X^fc 5, 

[03] fi/r • rv^T.^ (P i c h i a a n g 

u s t a) X 3 4 9tt^7):tS1-5a-L-5i^y 

[04] fi/T • TVi^X^^ (P i c h i a ang 
u s t a) X3 4 9*(041-r5a-L-7A/v/^^- 



[02] 




0 n 1 1 1 1 1 ■ 1 1 ■ ■ i 1 1 1 1 1 1 1 1 1 1 1 I 

10 20 30 40 SO 60 



[04] 




60 r « I I 

0 4 B 12 16 20 



(51) Int. CI.' »Jffi# 
C12R 1:84) 



